Anosmin-1 is a regionally restricted component of basement membranes and interstitial matrices during organogenesis: implications for the developmental anomalies of X chromosome-linked Kallmann syndrome.
Kallmann syndrome is a developmental disease characterized by gonadotropin-releasing hormone (GnRH) deficiency and olfactory bulb hypoplasia. The gene underlying the X chromosome-linked form, KAL-1, has been identified for several years, yet the pathogenesis of the disease is not understood. By immunohistofluorescence and immunoelectron microscopy, we establish that the KAL-1 encoded protein, anosmin-1, is a transient and regionally restricted component of extracellular matrices during organogenesis in man. Anosmin-1 was detected in the basement membranes and/or interstitial matrices of various structures including bronchial tubes, mesonephric tubules and duct, branches of the ureteric bud, muscular walls of the digestive tract and larger blood vessels, precartilaginous models of skeletal pieces, muscle tendons, head mesenchymes, inner ear, and forebrain subregions. Our results suggest that this protein acts as a local, rather than a long-range, cue during organogenesis. In the olfactory system, anosmin-1 was detected from week 5 onward. The protein was restricted to the olfactory bulb presumptive region and later, to the primitive olfactory bulbs. We therefore suggest that the genetic defect underlying X-linked Kallmann syndrome disrupts the terminal navigation of the early olfactory axons or directly affects the initial steps of olfactory bulb differentiation. The mechanism of the GnRH deficiency is also discussed, relying on the evidence that anosmin-1 is present in the medial walls of the primitive cerebral hemispheres, along the rostro-caudal migratory pathway of the GnRH-synthesizing neurons, at 6 weeks. Finally, the present results strongly suggest that the renal aplasia observed in about one third of the affected individuals results from primary failure of the collecting duct system.